Published in: Clinical & Experimental Allergy (20pé/0l. 36, iss. 5, pp. 563-567
Status: Postprint (Author’s version)

Is the neutrophil a worthy target in severe asthmand chronic obstructive
pulmonary disease?
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Both asthma and chronic obstructive pulmonary dis€€OPD) are recognized as chronic inflammataowyagi
diseases. Over the past 20 years, considerable lkff® gone into elucidating the complex cell aradiiator
interactions taking place in airways of patientfhwihese diseases. Traditionally, asthma has hiegred as an
eosinophilic disease, while neutrophils, togethi#h wacrophages, have been seen as being key mtiaony
cells in COPD [1]. However, recent studies haverelii this rather simple distinction, with studig®wing that
a proportion of asthmatics, predominantly with sevesthma, have raised neutrophils in their airlvayen [2]
and, interestingly, in their bronchial wall [3, gimilarly, studies in COPD show that the numbédraiavay
eosinophil may increase in stable patients with sifymast cell activation [5] and during exacerbasi [6].

In a recent issue @linical and Experimental AllergyBeeh and Beier provide a comprehensive reviewef th
role of neutrophils in severe asthma and COPD #uligls potential targets of anti-neutrophil treathj@].

This editorial discusses further the role of nepitits in severe asthma and COPD and the criticabitance of
choosing the right outcomes when assessing theaeffiof new anti-inflammatory drugs in severe asttamd
COPD.

Neutrophils in severe asthma: key players or mereystanders?

Asthma has long been considered to be an eosimophilnchitis, which is associated with bronchigpér-
responsiveness. The beneficial effects of inhatetiaosteroids in asthma have commonly been thotggbée
related to the ability of these drugs to dramalycaduce the airway eosinophilia [8]. However,aetstudies
have shown that despite a dramatic reduction indknd airways eosinophils by anti-IL-5, the apited
protection against allergen challenge and the &seakincrease in bronchial hyper-responsivenesstiseen in
patients with mild asthma [9]. Furthermore, inraited study, this type of treatment has not beenvsho
improve forced expiratory volume in 1 s (FB\And symptoms in severe asthma [10]. With theifigdhat anti-
IL-5 treatment fails to completely deplete eosintspfiom the bronchial mucosa [11], the debate alioeirole
of eosinophils in asthma has remained open buasitaiso become clear that more work has to betdded
other effector cells. At the same time, the rectignithat some asthmatics, particularly those wéeehsevere
disease [2, 3, 12] and are resistant to corticoste13], have raised neutrophil counts in th@wways has led
to suggestions that neutrophils might be a morigl vatget than eosinophils when attempting to beethma
under control. In addition, the fact that activateditrophils may release a large array of inflanomat
mediators, oxygen radicals and proteases hasuppbst to their involvement in the intense airways
inflammation and remodelling found in severe astlitdd (Fig. 1). Thus, elegant studies have shovat thised
sputum neutrophil counts are associated with ingke loss in lung function in asthmatics, aseetiéd by
FEV; values measured after completion of a 14-day eoof®ral corticoids and high-dose nebulized salimat
[15].

Despite the increasing evidence to support a mwl@dutrophils in asthma, the mere increase i thehbers
does not imply that they are pivotal in severemsthThe fact that severe asthma with irreversilog lfunction
impairment is associated with high airway neutrbalailso does not imply that neutrophils are inealin
airway remodelling. Rather, this association mighicate that remodelled airways, whatever the rapitms
leading to remodelling may be, provide a suitaligirenment that favours neutrophil recruitment anvéval
[16]. Furthermore, patients in this category angallg on inhaled corticosteroids, which could prajo
neutrophil survival [17], making the associatiorcamstantial rather than one of cause and effect.

An important question when seeking to identify ke rfor a cell in disease is whether the presendéecréased
numbers necessarily implies increased activatichifago does this have deleterious effects orashieneficial,
protective reaction. Of relevance to the questitth® pathogenetic role of neutrophils is the obaton that
reducing airway lumen neutrophil numbers by leutere B, (LTB,) antagonists [18] does not reduce the fall in
lung function following allergenic exposure. In tmaspect, the story is reminiscent of the effeftdepleting
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blood and airway eosinophils with anti-IL-5. Whewking at the available evidence, it is also imaotto
consider the compartment where cells are sampleel nTajority of studies, which have highlighted tbke of
neutrophils in severe asthma have been based @m#thgsis of sputum or bronchoalveolar lavage, lobth
which sample the lung air spaces. In contrast sinephils, where a good correlation exists betwagmrum and
bronchial eosinophil counts, a similar associatiaa not been seen for neutrophils [19]. Therefotagh
neutrophilia in the airway lumen, as usually shamohronic severe asthma [20] and in some asthma
exacerbations [21], does not necessarily imply tiratronchial wall is equally infiltrated with rteophils. The
potential remodelling effect of an inflammatorylagithin the airway lumen, however, is likely to kess than
that of the same cell located within the bronchiall. Fewer biopsy studies have been performeevwer
asthma. Intense bronchial mucosal neutrophili@mfhation is not a characteristic finding in allatic severe
asthmatics who fail to be adequately controllednityaled or oral corticosteroids [22]. When sigrsfit
neutrophilic infiltration was found [4], it was assated with prominent infiltration with eosinophilmast cells
and CD3 T cells, making it difficult to concludefuhitively whether neutrophils were the determirsaaf
asthma severity.

Other potential cell targets in severe asthma

There are several other cell types that deserteduattention as potential targets in the clingetting of severe
asthma. Recent intriguing data have indicatedtiraichial mucosal CD8rather than CD4 T cells, are
associated with the lung function decline in astfi2®, suggesting a role for these cells in airwsgrsodelling.
A potential role for CD8T cells has also been recently highlighted asiplysgrecipitating asthma death during
viral infection [24]. Looking beyond inflammatiothere is now little doubt that the structural céfiat
constitute the airways are important in asthma.[25jong these, airway smooth muscle cells, havg tmen
known to have an altered phenotype. Because asthandisease where lung function can change dreatigti
and respond very promptly f3-agonists, the evidence for the role of smoothsthma is conclusive. The
smooth muscle layer is considerably thickened e asthma [22] prompting a lot of research ihto t
mechanisms leading to smooth muscle proliferat&@}.[Of particular interest is the recent demortistrethat
the airway smooth muscle layer in asthma is isfitid by mast cells [27] and that this is a majatuee that
distinguishes asthma and eosinophilic bronchittlsctvis not associated with bronchial hyper-respamess.
This tight spatial relationship between mast cafid smooth muscle may be of critical importanceomdy in

the events triggering acute bronchos-pasm followaifergen exposure, but may also be importanténgénesis
of smooth muscle hypertrophy/ hyperplasia.

Targeting tumour necrosis factor« rather than neutrophils in severe asthma

Rather than trying to deplete the airways of thidflammatory cells, some therapeutic strategiestaim
counteract cytokines released by these cells oagbemption that these might be pivotal to asthma
pathogenesis. After a series of disappointing teslitained with anti-T-helper cells type 2 (Thgjokines
(anti-IL-5 or anti-IL-4), current research has tedrtowards blocking non-specific pro-inflammatoyyokines
such as TNFe which are classically associated with neutrophilfammation. This strategy has proved to be
efficient in other chronic inflammatory diseasestsas rheumatoid arthritis [28] and Crohn dise28. [Anti-
TNF-a is presented by Beeh and Beier[7] as an anti-aphiiic strategy. Two very recent studies have show
that targeting TNFe: in severe corticosteroid dependent asthma witheetapt, a p75 TNF receptor-IgG fusion
protein, that binds to TNk-and TNF, could benefit patients in terms of symptom cordrad quality of life
[30, 31]. Interestingly, this improvement was founde independent of any reduction in airways rogil
counts but was linked to the baseline expressianeshbrane-bound TNE&-by peripheral-blood monocytes
[31]. This suggests that the detrimental up-reguhadf the TNFe axis may be independent of airways
neutrophils in severe asthma. Even more surpriimbinteresting, is the fact that etanercept rg@dd
convincingly reduced the extent of methacholinenbhial hyper-responsiveness [30, 31], lending stppaa
possible direct action of TN&-on smooth muscle. Together with the ability ofdlgd TNFe to induce airway
hyper-responsiveness [32] and the recent demoiastridiat airway smooth muscle is typically infitiea with
mast cells in asthma, these observations emph&aeportance of the localization of inflammatieithin the
wall [33]. Based on these observations, it is #dsopting to speculate that TNFreleased by mast cells in the
vicinity of airway smooth muscle profoundly affetie behaviour of the latter. This would fit thepbyhesis
according to which asthma is a smooth muscle inflation in which mast cell-derived mediators/cytasn
play a prominent role.
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Fig. 1. Role of neutrophil in chronic obstructive airwaigehses. Whereas the green arrow represents a
protective mechanism, events indicated by the raha are detrimental to the patients.
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Are neutrophils key cells leading to lung functiondecline in chronic obstructive pulmonary disease?

As far as COPD is concerned, emphasis has traditjobeen placed on macrophages and neutrophiisiremme
recently CD8 T cells, as key cells orchestrating inflammatiod anediating the tissue damage that
characterizes the disease [34]. Of particular irgrae is the recognized ability of neutrophilsalzase oxygen
radicals and elastase, which may be essentiahéopathogenesis of bronchiolitis and emphysempentisely.
Furthermore, neutrophils appear to be a potentsonfrmatrix metalloproteinases, the role of wHiels
recently been highlighted in airway remodelling][3Bherefore, neutrophil activation has the biochen
potential to initiate remodelling and speed up ltunction decline in COPD. There is compelling evide in
the literature to support that view. In advancedP©Qsputum neutrophilia may account for up to 7863ff the
cells found in the airway lumen [36] and sputumtrnephilia is associated with greater airflow lintitan as
measured by both FE¥Nnd the FEV/forced vital capacity ratio, together with an decated decrease in FEV
over a 15 year follow-up period [37]. In additi@recent study of surgically resected lung tissue large
number of COPD patients showed that the numbeeuwoftraphils in the small airways clearly increases i
association with the reduction in FE88] (Fig. 2). However, arguments have been puwéod that neutrophils
are more related to smoking itself rather thanteay obstruction and emphysema [39]. Additionathgre are
examples in clinical medicine in which extensivel aglective lung infiltration by neutrophils doest nesult in
severe remodelling. One of those is pneumococalmonia, which usually resolves completely aftehart
period of inflammation when the patient is apprafaly treated with antibiotics. It is, thereforeasonable to
postulate that remodelling occurs after prolongegtrophilic infiltration, and/or when neutrophifgtéract with
other inflammatory cells. It may also be that themotype of the neutrophil is markedly differenthronic
disease. In this respect, it is also importantipleasize that both in severe asthma [4] and CORBP [3
neutrophilic infiltration coexists with infilitratin with other inflammatory cells such as T and Bsce
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eosinophils and macrophages.
Neutrophils and mucus production

Neutrophils rapidly traffic from blood (through aiay wall) into the airway lumen where they conttidbto
defences against microorganisms [40]. In theireevBeeh and Beier [7] briefly state that neutraphilay
release products that stimulate mucus secretios.ifiteraction between neutrophils and mucous gand
certainly deserves further attention. Indeed, dissavhere sputum is produced in abundance, sunysas
fibrosis and bronchiectasis, are often associafddintense sputum neutrophilia [41, 42]. Furtherepemokers
with chronic bronchitis [43] and asthmatics [44yaaneutrophil infiltration of their bronchial glasdThese
observations suggest that products secreted byopdils might play a critical role in mucus seaeti This is
further supported by the fact that mediators relddsy neutrophils, such as LTBI5], elastase and proteinase 3
[46], are potent stimuli for glandular secretiarvitro (Fig. 1). Both in severe COPD [38] and fatal astj4vq,
there is convincing evidence of mucus retentioth@airways which contributes to airway lumen @bpéition
and, thereby, to airflow impairment. In additiorr@hic mucus hyper-secretion is associated withlacaed
lung decline and risk of hospitalization [48]. Tefare, therapeutic strategies that would aim talatg the
amount and viscosity of mucus secreted in the gisweould be of great value in the management df betere
asthma and COPD. Careful analysis of interacti@ta/éen neutrophils and airway glands might leatkti
pharmacological tools to control airway secretiorhie future.

The importance of choosing the right outcome in seve asthma and COPD

Strategies that dramatically reduce eosinophibssiiima, such as the use of monoclonal antibodgtdule
against IL-5, have probably been dismissed too/eBdtter selection of patients - primarily thosighw
persistent eosinophilia - and a better choice ¢daue in the study design are needed. Given tisnephils
might have a particularly important role in asthexacerbations, either directly or as markers aflaaof
exacerbation [49], and in view of their possibleerim COPD exacerbations [6], studies aimed atigiing
whether there is any benefit of reducing exaceobatby controlling eosinophil numbers by way ofidins
antibody treatment would be welcome. In the desigsuch studies care should be taken to selecéthos
asthmatics in whom high sputum (and perhaps bleodinophil counts persist despite treatment wigh lsioses
of inhaled corticosteroids. As pointed out by Baeld Beier [7] there is not yet convincing evidefarea drug
that selectively and consistently reduce neutraphiflammation. If such a drug endowed with seklextnti-
neutrophil activity, validated in a proof of contepudy, were to be tested in severe asthma and>DCOP
exacerbation frequencies, the rate of lung funatiecline and possibly mortality should be choseprasary
outcomes. This would, of course, require long-tstatdies and large cohorts of patients. Howevehauld be
borne in mind that clinical situations in which treyphil numbers are markedly reduced put patientisk of
developing severe and potentially lethal infections
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